Using the technique of inverse photoemission spectroscopy we have measured the unoccupied electronic states of Na on Ni(111) as a function of Na dose on the Ni (111) surface. An image-potential surface state pinned to the vacuum level shifts towards the Fermi level and disappears for Na coverages greater than 0.07 monolayer (ML). This image state reappears at high coverage, when the Na coverage is larger than 0.6 ML and is detected at 2.4 eV above the Fermi level at 1 ML of Na coverage. A Nainduced state which we assign as the Na 3p level appears for Na coverages above 0.02 ML and shifts down towards the Fermi level with increasing coverage. We compare our results with studies of related systems.
I. INTRODUCTION
The adsorption of alkali-metal atoms on metal surfaces has been of great interest to experimentalists and theorists for many years. ' These systems are simple chemisorption systems which can serve as the first step towards investigation of the general properties of metal adsorption on surfaces. In experimental studies of these systems, inverse photoemission spectroscopy (IPES) has recently proven to be a valuable technique. The systems Na/Cu(111), Na/Al(111), '0" K/Ag(110), ' Na/Ni(110), ' and Li/Be(0001) (Refs. 14 -16) have all been investigated using IPES. In this paper we use this technique to investigate Na/Ni(111).
We have recently performed measurements of the Na core levels for the systems Na/Cu(111) and Na/Ni(111). ' The binding-energy shifts of the Na 2p core level versus Na coverage on Ni(111) and Cu(111) Fig. 1 corresponds to a coverage of 1 monolayer (ML) of Na. Coverage determination was based on work-function measurements and LEED pattern changes, which are presented in more detail elsewhere, ' ' ' and are in good agreement with a previous study of this system by G-erlach and Rhodin.
Here 1 ML is equivalent to 9=0. 44, the ratio of adsorbate to substrate surface atoms at saturation of the first layer.
As the Na is dosed onto the surface of the Ni(111) crystal, the features of the clean spectrum change as shown in Fig. 1 , ) hexagonal structure has been formed.
In Fig. 2 we can also observe the shift of the Nainduced peak (labeled 3p) with Na coverage. This peak follows the work-function change for a while, but continues shifting towards E~after the work function passes through a minimum. It has a very similar qualitative behavior to the binding energy of the Na 2p core level which we have previously measured with photoemission. ' In Fig. 6 we plot the Na-induced peak dispersion at 1 ML of Na coverage as well as the dispersion of clean Ni(111 (1986) .
